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Background: Significant increases in the prevalence of obesity have been observed among patients with peritoneal
dialysis (PD). The impact of body mass index (BMI) on survival remains unknown in Korean PD patients.
Methods: Among data of 80,674 patients on PD acquired from the Insan Memorial ESRD Registry database for the
years 1985 to 2014, 6,071 cases were analyzed. Subjects were classified by baseline BMI; < 21.19 kg/m2 (quartile
1, n = 1,518), 21.19 to 23.18 kg/m2 (quartile 2, reference; n = 1,453), 23.19 to 25.71 kg/m2 (quartile 3, n = 1,583),
and > 25.71 kg/m2 (quartile 4, n = 1,517).
Results: Mean age was 65.8 years, and baseline BMI was 23.57 kg/m2. Numbers of male and diabetic patients were
3,492 (57.5%) and 2,192 (36.1%), respectively. Among 6,071 cases, 2,229 (36.7%) all-cause deaths occurred. As
a whole, Kaplan-Meier survival curves according to BMI quartiles was significantly different (P = 0.001). All-cause
mortality was significantly higher in quartile 4 than in the reference (hazard ratio [HR] = 1.154, 95% confidence
interval [CI], 1.025-1.300; P = 0.018). There was no statistical difference in all-cause mortality among BMI quartiles
in diabetic patients on PD. In non-diabetic patients, all-cause mortality of quartiles 1 and 3 was not different from
the reference, but the HR was 1.176 times higher in quartile 4 (95% CI, 1.024-1.350; P = 0.022).
Conclusion: Baseline BMI > 25.71 kg/m2 seems to be an important risk factor for all-cause mortality in Korean PD
patients.
Keywords: Body mass index, Diabetes mellitus, Mortality, Peritoneal dialysis

Received September 7, 2018; Revised December 30, 2018; Accepted January 22, 2019
Edited by Dong-Ryeol Ryu, Ewha Womans University, Seoul, Korea
Correspondence: Seoung Woo Lee
Division of Nephrology and Hypertension, Department of Internal Medicine, Inha University Hospital, Inha University College of
Medicine, 27 Inhang-ro, Jung-gu, Incheon 22332, Korea. E-mail: swleemd@inha.ac.kr
*Seon Deok Hwang and Jin Ho Lee contributed equally to this study.
Copyright © 2019 by The Korean Society of Nephrology
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly
cited.
CC

Kidney Res Clin Pract Vol. 38, No. 2, June 2019

Introduction
Peritoneal dialysis (PD) is a maintenance renal replacement therapy for patients with end-stage renal disease
(ESRD) [1]. Unlike hemodialysis (HD), there is no need
to visit the hospital frequently, there is no pain due to
needle puncture, and residual renal function is maintained for a long time on PD. However, PD-related complications such as peritonitis or metabolic syndrome can
occur [2].
Significant increases in the prevalence of obesity have
been observed among patients with ESRD [3,4]. Very
low body mass index (BMI) and high BMI in the general
population are associated with increased mortality [5].
In patients with HD, the reverse pattern is seen [6]. However, it is controversial whether this trend is the same in
PD as it is in HD [7], and it has not been well investigated
in Korean ESRD patients on PD [8].
The Insan Memorial ESRD Registry (ImESRDR-KSN) is
the largest Korean ESRD registry and has been collecting data since 1985. To evaluate the impact of BMI at the
initiation of PD on mortality in Korean PD patients, we
analyzed ImESRDR-KSN data from 1985 to 2014.

Methods
Study participants and data collection
ImESRDR-KSN is a nationwide database of patients
with ESRD, which was launched in 1985 by the ESRD
registry committee of the Korean Society of Nephrology (KSN). The registry data is updated yearly. For each
patient on HD, PD, or who had undergone kidney transplantation, the start date of renal replacement therapy
and new information from the past 1 year, such as the
date of HD or PD initiation, newly developed comorbid
diseases, adequacy data, laboratory data, and outcome
(alive, dead, transferred to another modality or hospital)
are updated. As registry enrollment is voluntarily updated by members of the KSN, the ESRD registry covers
about two-thirds of all patients on dialysis in Korea [9,10].
Among 80,674 patients on PD in the ImESRDR-KSN registry, inclusion criteria for our study were as follows: 1) age
≥ 18 years; 2) patients on PD between 1985 and 2014, and
3) patients whose first registered record had at minimum
data about height, weight, PD date, and primary kidney
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disease and whose final record had at least outcome (alive
or dead) and where applicable, date of death. Among
possible cases identified (10,495), 4,424 cases with insufficient data or no BMI data were excluded. Finally, 6,071
cases were included (Supplementary Fig. 1; available online).
Baseline BMI was calculated as weight (kg)/height2 (m2)
of the first registered data. Age, sex, presence or absence
of diabetes mellitus (DM), systolic blood pressure (SBP),
diastolic blood pressure (DBP), presence of residual renal function, duration of dialysis, normalized protein
catabolic rate, total body water (TBW), protein equivalent of total nitrogen appearance (PNA), weekly total Kt/
Vurea and creatinine clearance (CCr) were recorded. In
addition, laboratory findings such as hemoglobin (Hb),
alkaline phosphatase, albumin, calcium, phosphorus,
aspartate aminotransferase, parathyroid hormone (PTH),
and total cholesterol were recorded. TBW, PNA, weekly
total Kt/Vurea, and CCr were calculated using the following equations:
(1) Male TBW (L) = 2.447 - (0.09516 × age [year]) + (0.1074
× height [cm]) + (0.3362 × weight [kg])
(2) Female TBW (L) = -2.097 + (0.1069 × height [cm]) +
(0.2466 × weight [kg]) [11]
(3) PNA (g/day) = 10.76 × (0.69 × 0.00001 × ((amount of
urine × 24/time of corrected urine) × (urine urea + dialysate volume × dialysate urea) + 1.46) + dialysate protein ×
dialysate volume × 0.00001
(4) Weekly total Kt/V = (dialysate urea × 24-hour dialysate volume × 7)/(blood urea nitrogen × TBW × 1,000),
and
(5) Weekly total CCr (L/wk) = 7 × {(dialysate creatinine ×
24-hour dialysate volume) + (urine creatinine × urine volume × 24 / time of corrected urine)}/(serum creatinine ×
1,000)
Subjects were classified into four groups according to the
quartile of baseline BMI: quartile 1, < 21.19 kg/m2; quartile
2, 21.19-23.18 kg/m2; quartile 3, 23.19-25.71 kg/m2; and
quartile 4 > 25.71 kg/m2. Quartile 2 was used as the reference quartile.
Statistical analysis
Continuous variables are presented as means ± standard deviations or medians with interquartile ranges,
as appropriate. Categorical variables are expressed as
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numbers and percentages. Demographic characteristics
and covariates of the four groups were compared using
the Pearson chi-square test for categorical variables and
one-way analysis of variance for continuous variables.
Kaplan-Meier analysis was used to evaluate the change
in survival among BMI groups, and Kaplan-Meier curves
were compared using the log-rank test. Cox proportional
hazard analysis was performed to evaluate independent
associations among BMI quartiles and the long-term risk
of death among patients on PD; data are presented as
hazard ratios (HRs) and 95% confidence intervals (CIs).
The proportional hazard assumption for the Cox model
was tested using log-minus-log plots. Model 1 used the
crude model and model 2 used only age and sex. We
adjusted the regression model with available parameters known to be related to mortality. We also used the
Bonferroni adjustment for multiple comparisons due to
subgroup analyses. However, some parameters had too
few patients (e.g., only 100 patients), so we excluded parameters that were not statistically significant when the
data were adjusted. Therefore, among the independent
variables, parameters related to mortality were included
from among the parameters for which the number of patients was close to that of the dependent variable [12-16].
Finally, the following variables were adjusted in model
3: model 2 + primary disease, presence of DM, serum
albumin level, serum Hb level, total cholesterol level,
phosphorus level, SBP, DBP, HbA1c level, TBW, PNA, and
weekly total Kt/Vurea and CCr. Analyses were performed
using the Statistical Package for Social Sciences (SPSS®)
software, version 18.0 (IBM Corp., Armonk, USA). All statistical tests were two-tailed, and P < 0.05 was considered
significant.

Results
Baseline demographic, clinical, and laboratory
characteristics
Among 6,071 cases, mean age was 65.8 ± 13.7 years,
and BMI was 23.57 ± 3.63 kg/m2 (Table 1). Numbers of
male and diabetic patients were 3,492 (57.5%) and 2,192
(36.1%), respectively. Fifty-three patients had peritonitis.
The number of patients who were converted to kidney
transplants was 43 (0.7%). The number of patients who
were converted to HD was 1,774. Of these, 393 patients

(22.2%) had diabetes, and 1,381 (77.8%) did not have diabetes. The numbers of patients converted to HD were 431
(24.3%) in quartile 1, 422 (23.8%) in quartile 2, 459 (25.9%)
in quartile 3, and 462 (26.0%) in quartile 4; these differences were not statistically significant. Age was advanced
in quartile 3 compared to the reference quartile, but there
was no difference in age between the other quartiles. Serum phosphorus values were the lowest in quartile 1 (P =
0.033). Serum cholesterol levels were highest in quartile
1, and quartile 1 showed significantly higher cholesterol
level than quartile 4 (P = 0.009). In diabetic patients on
PD, there were no significant differences in SBP, DBP, Hb
level, albumin level, calcium level, phosphorus level, uric
acid level, PNA, weekly CCr, or intact PTH level among
the four quartiles.
Effect of baseline BMI on all-cause mortality
Among 6,071 cases, 2,229 (36.7%) all-cause deaths were
recorded over the follow-up period. Mean follow-up period was 90.96 ± 54.34 months. Kaplan-Meier survival
curves were reanalyzed for all-cause mortality according
to BMI quartiles (Supplementary Fig. 2; available online).
Log rank of the Kaplan-Meier survival curves of all patients according to BMI quartiles was 27.44, and the P
value was < 0.001 (Fig. 1A).
Survival curves of patients without DM were analyzed
for differences in mortality at 5, 10, and 15 years (Fig. 2).
There was no difference at 5 years (P = 0.103; log rank,
6.18). The 10-year survival analysis showed a significant
difference among BMI quartiles (P = 0.027; log rank, 9.19).
In comparison analysis, mortality was increased in quartile 4 compared to quartile 1 (P = 0.008; log rank, 6.966).
Fifteen-year mortality was also significantly higher in
quartile 4 than quartile 1 by about 30% (log rank, 55.56;
HR = 1.309; 95% CI, 1.136-1.509; P < 0.001).
Next, we analyzed survival curves of patients with DM
for differences in mortality at 5, 10, and 15 years (Fig. 3).
At 5 and 10 years, there were no significant differences in
survival in quartiles other than quartile 2. However, at 15
years, patients in quartile 1 showed a significant decrease
in mortality compared to those in quartile 2 (P = 0.019;
log rank, 5.457). A decreased BMI in diabetic patients was
associated with decreased mortality.
In Cox proportional hazard analysis, compared to the
reference, all-cause mortality of all patients was reduced
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6,071 (100)
65.8 ± 13.7
3,489 (57.5)
2,190 (36.1)
136.8 ± 20.2 (4,378)
82.2 ± 12.2 (4,376)
9.3 ± 2.8 (4,807)
3.5 ± 1.0 (4,809)
8.5 ± 0.9 (455)
4.9 ± 1.6 (455)
160.0 ± 48.1 (425)
6.7 ± 1.8 (421)
6.17 ± 2.68 (224)
59.1 ± 117.2 (5,667)
2.23 ± 7.71 (5,173)
94.40 ± 255.09 (5,162)
242.9 ± 213.2 (350)

Total patients

Quartile 1
(< 21.19 kg/m2)
1,518 (25.0)
66.1 ± 13.3
870 (57.3)
554 (36.5)
136.0 ± 20.4 (1,073)
82.7 ± 12.9 (1,072)
9.2 ± 2.8 (1,185)
3.5 ± 0.5 (1,074)
8.7 ± 0.9 (104)
4.7 ± 1.4 (85)
172.6 ± 47.5 (95)
6.5 ± 1.7 (99)
5.9 ± 2.9 (43)
56.5 ± 177.8 (1,435)
2.3 ± 5.1 (1,217)
94.07 ± 322.19 (1,242)
269.9 ± 262.7 (84)
Quartile 2
(21.19-23.18 kg/m2)
1,453 (24.0)
64.9 ± 13.9
806 (55.5)
520 (35.8)
137.2 ± 20.1 (1,055)
82.3 ± 12.2 (1,055)
9.3 ± 2.9 (1,159)
3.5 ± 0.5 (1,055)
8.6 ± 1.2 (107)
4.8 ± 1.6 (121)
158.2 ± 48.1 (100)
6.8 ± 1.6 (99)
5.8 ± 3.0 (50)
59.6 ± 94.2 (1,364)
2.0 ± 2.1 (1,240)
87.14 ± 188.50 (1,234)
225.3 ± 205.9 (82)

Quartile 3
(23.19-25.71 kg/m2)
1,583 (26.0)
66.3 ± 13.9
923 (58.3)
582 (36.8)
137.5 ± 19.9 (1,129)
82.1 ± 12.2 (1,129)
9.4 ± 2.8 (1,241)
3.5 ± 0.5 (1,131)
8.56 ± 0.8 (111)
4.9 ± 1.8 (136)
159.2 ± 47.1 (107)
6.7 ± 1.9 (104)
5.6 ± 1.9 (55)
57.7 ± 89.7 (1,464)
2.0 ± 5.2 (1,365)
83.60 ± 195.16 (1,356)
241.3 ± 185.6 (87)

Quartile 4
P value
(> 25.71 kg/m2)
1,517 (25.0)
65.8 ± 13.5
0.043
890 (58.7)
0.302
534 (35.2)
0.792
136.6 ± 20.3 (1,121)
0.332
81.8 ± 11.9 (1,120)
0.425
9.4 ± 2.7 (1,223)
0.429
3.5 ± 0.5 (1,122)
0.660
8.4 ± 0.8 (133)
0.277
5.0 ± 1.7 (113)
0.324
151.9 ± 47.9 (123)
0.017
7.0 ± 2.0 (119)
0.157
6.9 ± 2.4 (74)
0.025
62.9 ± 78.4 (1,404)
0.487
2.0 ± 2.4 (1,347)
0.032
104.68 ± 289.38 (1,330) 0.153
236.1 ± 194.7 (97)
0.574

Data are presented as number (%) for categorical variables, and mean ± standard deviation (number) for continuous variables.
BP, blood pressure; CCr, creatinine clearance; DM, diabetes mellitus; Hb, hemoglobin; NPNA, normalized protein equivalent of total nitrogen appearance (PNA) = PNA/(total body water/0.58); PTH, parathyroid
hormone; TC, total cholesterol.

Number of patients
Age (yr)
Sex, male
Comorbidity, DM
Systolic BP (mmHg)
Diastolic BP (mmHg)
Hemoglobin (g/dL)
Albumin (g/dL)
Calcium (mg/dL)
Phosphorus (mg/dL)
TC (mg/dL)
Uric acid (mg/dL)
HbA1c (%)
PNA (g/d)
Kt/Vurea week total
CCr weekly (L)
Intact PTH (pg/mL)

Variable

Table 1. Baseline characteristics of patients according to quartile of baseline body mass index
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C
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0
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Duration (mo)

Number at survival, n (%)
537 (36.9)
732 (48.2)
935 (61.5)
839 (55.2)

486 (33.4)
572 (37.6)
615 (33.9)
555 (36.5)

Quartile 2
Quartile 1
Quartile 3
Quartile 4

723 (77.4)
789 (81.8)
753 (75.2)
708 (71.9)

100 150 200 250 300
Duration (mo)

Number at survival, n (%)

1,187 (81.6) 948 (65.1)
1,221 (80.4) 1,012 (66.6)
1,243 (81.8) 968 (63.7)
1,129 (74.3) 871 (57.3)

0.8

0.0
0

Duration (mo)
Quartile 2
Quartile 1
Quartile 3
Quartile 4

P = 0.597

Number at survival, n (%)
575 (61.6)
612 (63.4)
550 (54.9)
522 (53.0)

286 (30.6)
316 (32.7)
341 (34.1)
302 (30.6)

247 (26.4)
278 (28.8)
306 (30.5)
265 (26.9)
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Quartile 1
Quartile 3
Quartile 4

434 (83.3)
462 (83.4)
490 (84.0)
421 (78.8)

362 (69.4)
400 (72.2)
418 (71.6)
367 (68.7)

274 (52.9)
285 (48.8)
320 (54.8)
301 (56.3)

261 (50.1)
272 (49.1)
309 (53.0)
290 (54.3)

Figure 1. Kaplan-Meier survival curves of patients according to body mass index (BMI) quartiles. (A) All patients, (B) patients without
diabetes mellitus (DM), and (C) patients with DM.
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Figure 2. Kaplan-Meier survival curves in patients without diabetes mellitus according to body mass index (BMI) quartiles. (A) At
5 years’ follow-up, (B) at 10 years’ follow-up, and (C) at 15 years’ follow-up.
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Figure 3. Kaplan-Meier survival curves in patients with diabetes mellitus according to body mass index (BMI) quartiles. (A) At 5
years’ follow-up, (B) at 10 years’ follow-up, and (C) at 15 years’ follow-up.

by about 10% in quartile 1 (HR = 0.91; 95% CI, 0.8320.995; P = 0.039; Table 2). An increase in mortality of
about 14% was seen in quartile 4 compared to the reference (HR = 1.140; 95% CI, 1.042-1.247; P = 0.004). Adjust-

ing several parameters resulted in a significant increase
in mortality in quartile 4 compared to the reference (HR =
1.154; 95% CI, 1.025-1.300; P = 0.018). The results of multivariate analysis showed that there were no statistically
www.krcp-ksn.org
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P

0.039
0.309
0.004

0.410
0.611
0.656

0.059
0.088
0.003

Crude model
95% CI
Reference
0.832-0.995
0.958-1.146
1.042-1.247
Reference
0.787-1.103
0.807-1.134
0.874-1.239
Reference
0.812-1.004
0.986-1.218
1.058-1.305
0.922
1.110
1.190

0.940
0.936
1.017

0.931
1.061
1.145

HR

Reference
0.830-1.025
0.999-1.234
1.072-1.322

Reference
0.794-1.113
0.790-1.110
0.854-1.211

Reference
0.851-1.018
0.970-1.161
1.047-1.253

Model 1
95% CI

0.135
0.053
0.001

0.472
0.449
0.851

0.118
0.195
0.003

P

0.944
1.072
1.176

0.979
0.866
0.930

0.965
1.040
1.154

HR

Reference
0.819-1.087
0.932-1.232
1.024-1.350

Reference
0.781-1.226
0.692-1.084
0.734-1.179

Reference
0.856-1.088
0.923-1.171
1.025-1.300

Model 2
95% CI

0.423
0.332
0.022

0.852
0.209
0.550

0.557
0.521
0.018

P

CI, confidence interval; DM, diabetes mellitus; HR, hazard ratio.
Model 1, multivariate model including age and gender; Model 2, multivariate model including model 1 + DM, serum albumin level, serum hemoglobin, total cholesterol, systolic blood pressure, diastolic blood
pressure, HbA1c, total body water (TBW), protein equivalent of total nitrogen appearance (PNA), normalized PNA (PNA/[TBW/0.58]), urine duration, Kt/Vurea week total, and creatinine clearance weekly.

HR
All-cause mortality
Quartile 2
Quartile 1
0.910
Quartile 3
1.048
Quartile 4
1.140
All-cause mortality in DM patients
Quartile 2
Quartile 1
0.931
Quartile 3
0.957
Quartile 4
1.041
All-cause mortality in non-DM patients
Quartile 2
Quartile 1
0.903
Quartile 3
1.096
Quartile 4
1.175

Mortality

Table 2. Univariate and multivariate Cox regression analyses of mortality according to body mass index quartile
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significant differences in all-cause mortality among BMI
quartiles in the DM group. However, in the non-DM group,
mortality was approximately 18% higher in quartile 4 than
the reference (HR = 1.176; 95% CI, 1.024-1.350; P = 0.022).

Discussion
In this study, all-cause mortality was significantly higher in Korean patients on PD in the highest baseline BMI
quartile, but it was similar among patients in the other
three baseline BMI quartiles. Compared to quartile 2,
mortality was increased by approximately 14% in quartile
4. In particular, the impact of baseline BMI on all-cause
mortality differed according to the presence or absence
of DM. Multivariate analysis revealed no significant differences in all-cause mortality among BMI quartiles in
patients with DM. However, in patients without DM,
mortality was approximately 18% higher in quartile 4
than the reference quartile.
It remains controversial whether obesity or a high BMI
in patients on PD is associated with higher mortality [17].
Several reports have suggested that obesity is associated
with mortality in patients on PD. McDonald et al [18] reported that obesity at the start of PD was associated with
mortality. Kiran et al [13] reported that the relative risk
for mortality (adjusted for age, diabetes status, and cardiovascular disease [CVD]) was similar for normal and
overweight groups, but higher for underweight and obese
groups. Increased mortality in obese patients was more
prominent in patients with DM than in those without DM
[10]. Xiong et al [19] reported that obesity was a risk factor for CVD mortality, but not all-cause mortality.
Other studies have suggested that obesity is not associated with an increased risk of mortality in patients on PD.
Snyder et al [20] reported that the association between
BMI and outcome was dependent on the time interval
elapsed from the initiation of PD, but that obese subjects
had better survival than those with a lower BMI. Abbott et
al [21] reported that patients on PD in the lowest quartile
of BMI had an increased risk of dying, whereas those in
the second to fourth quartiles of BMI had a virtually identical risk of death over time. de Mutsert et al [22] reported
that obese patients on PD at the initiation of dialysis did
not have a worse survival rate than those with a normal
BMI. Fernandes et al [23] reported that being overweight
or obese did not increase mortality in patients with inci-

dent PD. In Korean patients on PD, the lowest quartile of
BMI was associated with higher mortality, but a higher
BMI quartile was not associated with mortality when
quartile 2 (21.4-23.5 kg/m2) was the reference [8]. One
study reported that obesity was a risk factor for death in
a subgroup of patients on PD, but not all patients on PD.
In more detail, Hoogeveen et al [24] reported that obesity
was not associated with increased mortality in older (≥ 65
years) dialysis patients, but younger patients with a low
or very high BMI had an increased risk of dying.
In a meta-analysis, Ahmadi et al [25] reported that being underweight was associated with higher first-year
mortality, and being overweight or obese was associated
with lower first-year mortality; however, the association
between BMI and mortality was not significant over the
long-term. Liu et al [12] reported that being underweight
or obese (BMI = 25.0-29.9 kg/m2) was associated with
a higher risk of all-cause and CVD mortality in a metaanalysis of Asian patients undergoing PD.
The inconsistent results from these obesity studies
regarding the risk of mortality are likely due to differences in study subjects and study design. There were
anthropometric differences in the study subjects, such
as age distribution, sex, race, and/or BMI. There were
also differences in comorbidities among study subjects.
In addition, classifications of BMI varied among studies,
and included the WHO classification and WHO classification for Asians, or quartiles of BMI. In McDonald
and colleagues’ study of 9,679 incident PD patients in
the Australia and New Zealand Dialysis and Transplant
Registry [18], patients were classified into one of four categories based on BMI: obese, ≥ 25.71 kg/m2; overweight,
23.19-25.71 kg/m2; normal weight, 21.19-23.18 kg/m2;
and underweight, < 21.19 kg/m2 according to the Australian classification [8,21,26]. Abbott et al [21] performed
a study to retrospectively analyze the survival data of
1,662 patients on PD in the USRDS Dialysis Morbidity
and Mortality Study Wave II cohort for 5 years (from 1996
to 2001); in that study, mean age was 56.3 ± 15.7 years
and mean BMI was 26.4 ± 5.5 kg/m2. Obese and diabetic
patients comprised 22% and 49.7% of the study subjects,
respectively. In de Mutsert et al’s study [22], 688 incident
PD patients were selected from the Netherlands Cooperative Study on the Adequacy of Dialysis-2 cohort
and followed-up for 5 years. Mean age and BMI were 53
years and 34.6 kg/m2, and obese patients accounted for
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8.4% of all patients. In Fernandes et al’s retrospective
observational study of data from the Brazilian Peritoneal
Dialysis Multicenter Cohort Study from 2004 to 2007 [23],
1,911 patients on PD were analyzed; their mean age was
59 years and their mean BMI was 21.58 ± 3.13 kg/m2. The
median follow-up duration was 34 months, and 38% of
patients had DM nephropathy. BMI was classified according to the WHO classification, and obese patients
accounted for 12% of the study population. Kim et al’s
prospective cohort study in Korea [8] included 900 Korean patients on PD. Their mean age was 56 ± 12 years,
mean BMI was 23.6 ± 3.2 kg/m2, incidence of DM was
32%, and mean follow-up duration was 24 months. These
authors classified BMI by quartiles, not by the WHO classification. Kiran et al’s 8-year single-center study in Hong
Kong [13] included 274 patients on PD; their mean age
and BMI were 63 years and 21.97 kg/m2, respectively, 35
(12.8%) patients were obese, and the incidence of DM
was 50.4%. In Xiong et al’s study of 1,263 patients on PD
[19], mean age and BMI were 47.8 ± 15.0 years and 21.58
± 3.13 kg/m2, respectively, 12.9% of patients were obese,
the median follow-up duration was 25.3 months, and
BMI was classified according to the WHO classification
for Asian populations. Liu et al’s study [12] was a metaanalysis of seven studies that used the WHO classification
for BMI in Asians. However, results were reported only
for the underweight, normal, overweight, and obese I
groups (25.0-29.9 kg/m2), and no data about the obese II
group (BMI ≥ 30 kg/m2) were reported. Hoogeveen et al’s
study [24] included 1,749 ESRD patients on HD or PD in
the Netherlands from 1997 to 2004. They used the WHO
classification for BMI classification, and about 10% of patients were obese.
Our results support the finding that high BMI is associated with increased mortality in patients on PD. However, some of the findings of this study are novel. PD was
initiated around the early 1980s in Korea [27]. Therefore,
almost all Korean patients on PD were included in the
study for the following reasons: 1) ImESRDR-KSN has
been active for 30 years, 2) most patients with PD were
enrolled and followed in a university hospital setting, and
3) the registration rate of patients on PD from these university hospitals was high. Differences in results between
our study and the previous study of Korean patients on
PD [8] may be due to differences in study design, data
quality, and prevalence of DM and CVD. ImESRDR-
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KSN data are based on annual retrospective voluntary
submissions. However, complete data are lacking. Thus,
among 80,674 patients on PD, data from only 6,071 patients were available for statistical analysis, despite the
long study period (30 years). In Kim et al’s study [8], all
data were collected prospectively. Thus, data collection
was sufficient, but the follow-up duration was relatively
short (24 months). Patients in our study were older than
those in Kim et al’s study (mean age, 66 ± 14 years vs. 56 ±
12 years). However, mean BMI (23.57 ± 3.63 kg/m2 vs. 23.6
± 3.2 kg/m2) and incidence of DM (36.1% vs. 32%) were
similar between the two studies. Both studies classified
BMI by quartiles, not by the WHO classification.
Interestingly, compared to patients with DM, obese
patients (BMI > 25.7 kg/m 2) without DM had a higher
mortality rate than non-obese patients without DM. The
mortality rate was significantly different between obese
and non-obese patients without DM at approximately 10
years or more since initiation of PD. However, during the
15-year follow-up period, obese patients with DM did not
have a significantly different all-cause mortality rate than
non-obese patients without DM. Rather, patients with
DM in quartile 1 showed a significant decrease in mortality compared to the reference group (patients with DM
in quartile 2). Results are inconsistent between our study
and other studies in terms of the relationship between
DM status and mortality risk in Asians according to BMI.
In a prospective study of 328 incident PD patients [28],
underweight (BMI < 18.5 kg/m2) diabetic patients showed
significantly greater mortality than normal diabetic patients. However, the HRs for mortality in overweight and
obese diabetic patients were not different from that of
normal diabetic patients. In non-diabetic patients on PD,
there were no differences in mortality among BMI groups
[29]. The lowest quartile of BMI showed higher mortality
than quartile 2 (reference group) in both DM and nonDM patients, but higher quartiles of BMI (quartiles 3 and
4) did not have a significantly different mortality than
the reference group. However, Zhou et al [30] reported a
higher mortality risk in PD patients with BMI > 25 kg/m2,
irrespective of their DM status. Kiran et al [13] showed
that the relationship between BMI and mortality was Ushaped, with higher mortality in underweight and obese
patients, and reported that the negative impact of obesity was more prominent in diabetic patients on PD than
non-diabetic patients on PD.
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The reasons for these aforementioned findings may be
related to differences in subject characteristics, study duration, prevalence of DM and CVD, classification of BMI,
body composition, hydration status, and patient selection bias. BMI cannot be used to differentiate the contribution of muscle mass or fat mass to body weight or differentiate central obesity from generalized obesity; thus,
it may also reflect hydration status [31]. Furthermore, the
mortality rate of diabetic patients on PD is worse than
that of non-diabetic patients on PD [32], but recent studies showed that similar outcomes could be achieved in
diabetic patients as non-diabetics if inflammation, protein energy wasting, and/or cardiovascular morbidity
were controlled [33,34].
Obesity has been associated with a shorter time to
transfer to HD therapy [20], higher risk for peritonitis
[35], and faster decline in residual kidney function [36].
This may explain the increased mortality rate of obese
patients on PD. Obesity has a negative effect on survival
in patients on PD due to an increased peritonitis rate,
secretion of proinflammatory cytokines by adipose tissue, and a more rapid decline in residual renal function
than is seen in non-obese patients [28,31,37,38]. In addition, a glucose-based dialysis solution and polymorphisms in uncoupling protein 2 may aggravate obesity
in patients undergoing PD [39,40]. Patients undergoing
PD are exposed to a large amount of glucose in the PD
solution, which leads to increased exposure to metabolic
syndrome [41]. In diabetic patients, PD can aggravate
glycemic control, and poor glycemic control is associated
with increased mortality [42,43]. However, we could not
evaluate the degree of glycemic control because these
data were not available in the ImESRDR-KSN.
As mentioned above, a glucose-based dialysis solution
may aggravate obesity in patients on PD. Indeed, 80%
of patients undergoing PD showed an increase in body
weight of more than 3% after 1 year in one study [23],
most of which was likely due to an increase in fat mass
[44]. However, patients who gained weight were not at
increased risk of mortality compared to those with stable
weight, regardless of their DM status [23]. Furthermore,
the increase in BMI was not persistent in patients undergoing PD. During the follow-up period, there was a nonlinear increase in BMI for the first 3 years, followed by a
gradual decrease in BMI over time [45].
This study had several limitations. First, all-cause mor-

tality was analyzed rather than specific causes of mortality because of inadequate records regarding the cause of
death. Accurate information on cardiovascular mortality
cannot be obtained from ImESRDR-KSN data because
of the lack of information on the cause of death. Second,
the number of patients with a BMI ≤ 18 kg/m2, which is
associated with the highest mortality rate, was very small.
Third, because screening of body composition was not
performed in this study, body composition related to fat,
lean body mass, and overhydration could not be measured. Fourth, BMI at the single point (initiation of PD)
was used for the analysis. Some may argue that a single
measurement of BMI at the initiation of PD does not
reflect a patient’s real BMI because most patients experience an increase in BMI after PD. However, most previous studies have used a single BMI value at baseline.
Additionally, there was a non-linear increase in BMI for
the first 3 years, and then there was a gradual decrease
of BMI over time; the change of yearly BMI was 0.4 kg/
m2 in patients undergoing PD [34], which was not a large
increase compared to the change in BMI classification.
Finally, as shown in Supplementary Fig. 2, the authors
used available data, and of those about 80,000 initially
enrolled patients, duplication and death cases and data
without BMI were excluded from the study. As a result,
the possibility of selection bias may be suspected.
In conclusion, baseline BMI > 25.7 kg/m2 at the initiation of PD might be a risk factor for all-cause mortality in
Korean patients undergoing PD, especially non-diabetic
patients.
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